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Summary 
he be t utilization of applied nitrogen and the highest yields of 
ri e were obtained where ammonium form of nitrogen (ammonium 
ulfate, urea, anh drou amm nia, and aqua ammonia) were :ti. 
appli d several inche deep before seeding and A ding. Top-
dre ing and hall w applicati n f nitrogen at the time of seeding 





Placement of Nitrogen Fertilizers for Rice 
W. H. PATR ICK, JR., F. J. PETERSON , J. E. SEAHOLM 
\I. D. FA U LKNER A:\'D R. J. \lIEAR 1 
i'\ itrogen ll!USI be added LO the soil for hig h yie lds o r ri ce in I .Ol!ISiana. 
• Additi o ns of phosphorus a nd . to a les'>er degree. potass iulll are >ollletillles 
necessa ry. bu1 all application o r :)() (() 100 pounds o r ni1rogcn per acre is 
usuall y e:-.sen1ial for n1axilllurn produ ction .. \ILl1ough a certain alllount 
of nitrogen is required. too ll!uch nitrogen reduces yie lds b) causing 1he 
pla111s 10 lodge. Thus. 1he f'arlll er is faced \\'ilh the task of' adding 
enough nitrogen Lo 1!te u-op to produce a hig h ) ie ld . but not enough to 
cau'>c lodg ing . 
The choice of 1!te proper a!llOUnl or nitrogen LO apply is COlllp lica Led 
b) the pmsibi c' ios'> of an a pprecia bl e ponion or th e nitrogen by clenitri-
fication before it can be 1akcn up b) th e crop. De11itrifica1 ion is th biologi -
cal reduction of ni1raL C and nitrit e to nitrogen gas or nitrous ox ide. 
Cultural practices designed Lo d ecrease dcnitrifica1io11 losses in \\' ;11 e rlogged 
soih arc all!o11g th e bes1 pmsibiliti cs f()l' imprm ing 1he u1ili1ation of 
ni1rogcn f'crtili1er bv rice. 
Submergence or a ri ce soil creates c.h mi ca! and biologi ca l conditions 
ll! ;1rk cdl) dif fc rc 111 frn111 1hme of' a 11·cll -draincd soil. In a ll'C ll -drai 11ccl 
~oil a -,i1able percentage o f 1hc to1al soil 1·olurnc is occupied b air. \\' !t ile 
in a lloodcd ri ce fi e ld the soil is covered \\'i1h sci era! in cit es of' \\'at er 
a1id th e soil pore space is almost entirely fill ed 11·ith 11-;1ter. Beca use 1he 
demand fc>r oxvgcn in a wa1 crloggcd soi! usually greatly exceeds the 
suppl) wmi11g (·1~olll the aunosph ~ t~. th root ion ~ <~ fa s;tblllcrged soil 
is de1oid of free oxygen 11·ith the exceptio n of' a thin o:-..idi1cd surface 
la) er '>Ciera! millilll e tcrs thi ck (5 )2 11·hiclt rcce i1·es a sn1all arnoum 
of O:-..)gcn by diffusion throug h 1h ' flood \\'atcr. I he '>Oil benea th 1his 
o xidiLed surface layer is usu ally a naerobi c a nd chem ica ll y reduced. 
In 1he aerobic surface la yer tit ' end produc1 or orga nic 1111roge11 
llli11 cr; ili1a1io11 i., 11i1ra1 c. ll'hilc in th e a nacrobi< 1one. 11i1roge11 m i1 1crali -
1a1io 11 c;111 proceed no !uniter 1han a111!l1oniurn. I !tu.,. an1n1oniulll 
ni1rogc11 in th e a11aerobic 1011 e i., 1101 ui111cr1cd 10 11itra1 e. In addition 10 
• it~ chemical stabilit) in til e reduced 1011 c . the a11 1111oniulll ion i~ adsorbed 
on the c'clia ?1 gc co111p lc:-.. and 1101 a'> '>ubjcn 10 leaching a~ 1hc 11i1ra1 e 
I Oil . 
.Japan <:'> ' 1101 kcr'> ( / ) re<og11i1cd me1 ~())Car~ ago 1ha1 1hc anaerobic 
., na1urc o f a ~Ublll crged rice '>Oil 11·01 tld affCCI lhC '>l a biliL) of inorganic 
1 P1 ote-.,..,01 of \ g1ono111\ . . \ ... "'1 ... 1.1111 P1 <)f<.· ...... 01 of .\ g 1011011n . lo1111crh .\,, i..,1a111 Pio· 
I ·wl1 ol \g1011 01111 . . h so<1a1e 1'1 ok"o1 ol \g1i<11l1111al "11gi11ec1ing . and l:11c .\ "i,1a111 
1'1ole"o1 ol .\ g101101 111 . 
~ l 1ali< 11111 111>e1' i11paH·111l1e'e'1l'ic1 10 l. i1c1a1u 1c C:i1cd . page 19. 
niLrogen compounds and Lhe re pon e of rice to nitrogen fertilizers. They 
found that ammonium fertilizer placed within the thin oxidized surface 
layer was niLrified to nitrate nitrogen, and that this nitrate, as well as any 
nitrate added as fertilizer, wa lead1ed into the anaerobic zone where 
it was denitrified. To prevent this lo of nitrogen from the soil , the 
Japane e advocated the placement of ammonium nitrogen several inches 
deep in the Hooded soil where the ammonium would not be nitrified. 
Ammon ium fertilizer wa plowed into the soil before planting or mixed 
with peat and formed into balls which were placed by hand 2 to 3 inches 
below the surface of the Hooded rice paddy. These methods of place-
ment gave yield increases approximately IO to 15 percent higher than • 
were obtained from surface placement of nitrogen (2). 
Jn California, Mikkelsen and Finfrock (3) found that higher rice 
yield could be obtained from ammonium nitrogen drilled 2 to 4 inches 
below the oil surface a compared to broadca t surface applications. 
Amer (1) in Egypt showed that ubsurface placement of ammonium 
sulfate in the dry soil before Hooding wa superior to surface place-
ment after Hooding. Yield of rice and recovery of applied nitrogen were 
both higher following ubsurface placement. umerous other stud ies 
have shown deep placement of ammonium fertilizer to be superior to 
sh al low placement. 
Mo t of the nitrogen used for rice in Loui iana is applied as a top-
dre sing or drilled at a hallow depth ( 1 tO 2 ind1e ). The re ponse of 
the rop to applied nitrogen i ariable, with poor respon e frequently 
occurring. The experiment reported in thi bulletin were designed to 
sLudy deep placement of nitrogen fertilizer a a pos ible method of ob-
taining better utilization of nitrogen and, con equently, higher yields of 
rice. 
Deep Versus Shallow Placement of Ammonium and Nitrate 
N itrogen 
he effect of depth of placemenl of ammonium and nitrate nitrogen 
on the nitrogen uplake and Lhe ield of rice wa studied in an outdoor 
pot experiment and in everal field experiments. Two ources of nitrogen, 
ammonium ulfate and odium nitrate, were applied to the soil at 
depth ranging from 1 Lo 10 ind1e before seeding. 
Outdoor Pot Experiment 
Earthenware cylinder (day drain pipe) 3 feet long and 1 foot in • 
diameter were buried upright with about 6 inches of the cylinder extend-
ing above the soil urfa e. A 12-inch layer of Crowley silt loam surface 
oi l wa placed over a la er of ub oil of another oil eries which had 
been pa ked into the lower p rtion of the c linder . Ammonium ulfate • 
and dium nitrale at rat f 0, 327 , 654, and 9 1 milligrams per 
cylinder, orre ponding t rate of 0, 40, 0, and 120 p und per 2 mil-
lion pound of oil, were applied in two wa : ( 1) mixed with the urf~ce 
in h of oil , and (2) applied at a depth of 5 inches. A ba al applicauon 
4 
of 160 pounds each of P20 5 and K20 per 2 million pounds 0f soil was 
used. Plants of the Toro variety were transplanted and grown under 
continuously Hooded conditions. The plants were harvested 80 days 
after transplanting and oven dry weight and nitrogen content were 
determined. 
RESULTS: Vegetative yield and nitrogen uptake for the two depths 
of placement of ammonium and nitrate nitrogen are shown in Table I 
and Figure I. While both ammonium and nitrate produced increases in 
yield of plant material, the increases from ammonium were much higher 
than those from nitrate. Deep placement was superior to shallow place-
ment for ammonium nitrogen but not for nitrate. For the 5-inch depth 
of placement of ammonium nitrogen, there was no leveling off of yield 
at the higher rates of application. 
Estimates of percentage of fertilizer nitrogen utilized showed that 
ammonium nitrogen was much more efficiently utilized than nitrate 
nitrogen. The recovery of ammonium nitrogen in the above-ground part 
of the plant ranged from 46 to 75 percent, while only 6 to 27 percent of 
the applied nitrate was recovered. Utilization of applied ammonium 
nitrogen appears to have been dependent on depth of placement and rate 
of application. For example, at the I-inch depth of placement, the per-
centage uptake of applied nitrogen was greatest at low rates of applica-
tion, whereas at the 5-inch depth of placement, the highest percentage 
TABLE 1.--0ven dry weight of plant material and nitrogen uptake in the earthenware 
c:rlinder experiment 
Depth Plant N uptake, Percent Rate of application of yield ,* 
Sources of Pounds per Grams place· 
grams fertilizer 
grams per nitrogen nilrogen 2 million per ment, per 
pounds cylinder inches cylinder 
cylinder utilized 
0 0 92.7 1.08 
Am1110nium 40 0.327 I 121.8 1.30 67.3 
sulfate 5 115.3 1.28 6 1.2 
80 0.654 132.6 1.46 58.1 
5 131.7 1.53 68.8 
120 0.98 1 140.4 1.53 45.9 
5 155.8 1.82 75.4 
Sodium 
nitrate 40 0.327 !02.5 1.15 21.4 
5 !02.8 1.15 2 1.4 
80 0.654 1 l I0.6 1.22 21.4 
5 114.4 1.26 27.5 
120 0.981 I 110.5 1.23 15.3 
5 112.5 1.14 6.1 
LSD (0.05) 15.5 0.12 
*Above-ground portion of plant. 
** uptake - N uptake for no-nitrogen treatment x 100 
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FIGURE !.-Nitrogen uptake by rice as affected by source and rate of nitrogen and 
depth of placement. 
uptake was obtained at the highest rate of application. These relation-
ships are illustrated in Figure 2. The greater percentage utilization of 
the higher rates of ammonium nitrogen indicates that a certain amount 
of the deep-placed ammonium i diverted to forms unavailable to the 
crop . Bacterial a similation and retention by clay may tie up part of 
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FIGURE 2.-Perttntage utilization of applied ammonium nitrogen as affected by rate 
of application and depth of placement. 
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Field Experiments 
Field experiments were conducted rn 1959 and 1960 on Crowley silt 
loam soil at the Rice Experiment Station. In both years, ammonium sul-
fate and sodium nitrate were applied at depths of 2, 6, and IO inches 
and at rates of 0, 40, and JOO pounds of nitrogen per acre before seeding 
in a factorial experiment with three replications. A basal application of 
60 pounds each of P20 5 and K20 per acre was made to all plots. Rice 
of the Toro variety was grown both years. In 1959 all plots received a 
basal application of 20 pound of nitrogen as ammonium sulfate before 
seeding. Plots were 7 feet wide and 145 feet long. Plant samples from 
subplots 3 feet x 3 feet were taken at the soft dough stage in 1959 and 
slightly before the soft dough stage in 1960. These samples were dried, 
weighed, and analyzed for total nitrogen content. Grain from each plot 
was harvested with a combine. 
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FIGURE 5.-Rice yield as affected b urcc and rate of nitrogen and dq>th of place-
ment, 1959 field cxpcrimenL 
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RESULTS: The yields obtained from the various depth-of-place-
ment and rate-of-application treatments of nitrate and ammonium nitro-
gen in 1959 are depicted in Figure 3. Where ammonium was used yields 
were higher that where nitrate was used. The deep placement of ammon-
ium (6 and IO inches) was superior to the 2-inch placement. For nitrate 
nitrogen, at the 40-pound rate, shallow placement was superior to deep 
placement; at the I 00-pound rate, placement depth had Ji ttle effect. 
Nitrogen uptake for the 1959 experiment is shown in Figure 4. 
Ammonium nitrogen was generally better utilized than nitrate, with 
nitrogen uptake highest for the 6-inch depth of placement of JOO pounds 
of ammonium n itrogen. _ 
The resu lts of the I 960 field experiment shown in Figures 5 and 6 are 
somewhat similar to those of the 1959 experiment. Ammonium was 
agai n clearly superior to nitrate, and deep placement of ammonium 
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FIGURE 4.-Nitrogen uptake as affected by sou rce an d rate of ni trogen and depth of 
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FIGURE 5.-R ice yield as affected b source and rate of nitrogen and dep th of place-
menl, 1960 fie ld experiment. 
produced higher yield than 2-inch placement, although the difference in 
yie ld wa not a pronoun ed a in 1959. hallow placement of nitrate 
wa uperior t deep placement. itr gen uptake by the crop followed a 
pauern similar to ield, ' ith greater nitrogen uptake occurring where 
ammonium was u ed, and deep placement of ammonium being gen-
erally up rior to hallow placement. 
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Nitrogen Applied - lbs/ acre 
FIGURE 6.-Nitrogen uptake as affected by source and rate of nitrogen and 
depth of placement, 1960 field experiment. 
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Comparison of Preplant and Topdress Applications 
Of Nitrogen Fertilizers 
Three field experiments were conducted in 1965-66 in which subsurface 
preplant and topdre application of everal nitrogen sources were com-
pared. Preplan t application con isted of drilling nitrogen, phosphate, 
and potash 3 to 4 inche deep in band 7 inches apart shortly before seed-
ing. The topdre sed plot had pho phate and potash applied in the same 
manner, but ni trogen wa dropped on the drained soil 3 to 4 weeks after 
seeding. Rice of the ato variet was water planted during the period 
April 15 to May 15. Fifty pound of nitrogen per acre were used in 1965 
and 60 pounds per acre in 1966. Plots where nitrogen was applied pre-
plant were kept under eason-long submergence except when drained 
for a I- to 2-day period for herbicide application. Topdressed plots were 
drained several days before nitrogen application. 
Two types of nitrogen materials were u ed: regular pelletized am-
monium sulfate and urea, and re in-coated pellets of ammonium sulfate 
and urea. The latter were experimental slow-release nitrogen materials 
obtained from Arther Daniel Midland Company, Minneapolis, Minn . 
Fifty percent of the ni trogen of thee materials wa released in water in 2 
weeks and 92 percent in 4 week . 
RESULTS: he data tabulated in Table 2 show that preplant place-
ment of ammonium ulfate and urea was superior to topdressing. The 
average increa e in yield from preplant application was 440 pounds per 
acre, or about I 0 percent. There wa little difference between uncoated 
TABLE 2.--Comparison of preplant and topdress applications of various nitrogen 
sources for rice 
ield-pounds per acre 
u recs of nitrogen Method of elacement 1965a 1965b 1966 
Ammonium ulfate Preplant 3-4 in. deep 42!0 5560 5220 
Topdr 35 0 4 00 5120 
Urea Preplant 3-4 in. deep 4090 52 !0 5330 
Topdr 3680 5 120 4970 
Resi n oated Preplant 3-4 in. deep 4600 5550 5470 
ammonium sulfate Topdr 3 70 4870 4770 
Resin coated urea Preplant 3.4 in. deep 4260 5500 5000 
opdr 3 5200 4 40 
Ammonia* Preplant 3-4 in. deep 4230 48!0 
o nitrogen 2425 3305 3675 
L. .D. {0.05~ 279 795 320 
"'Anh drous ammonia used in 1965, aqua ammonia in 1966. 
Rate of n itrogen application: 50 lb. per acre in 1!165; 60 lb. per acre in 1966. 
Average yield for preplant: !>000 lb. per acre. 















ammonium sulfate and urea, both being effective sources of nitrogen. 
When applied preplant, resin-coated ammonium sulfate produced a 
slightly higher yield than uncoated ammonium sulfate, but this was not 
the case with urea. When applied as a topdressing, neither of the slow-
release fertilizers was superior to the uncoated materials. Anhydrous 
ammonia and aqua ammonia applied preplant appeared to be equal 
to or slightly less effective than the dry nitrogen materials. 
Methods of Placement of Anydrous Ammonia, Aqua Ammonia, 
And Ammonium Sulfate 
A 4-year study was made at the Rice Experiment Station in 1962-1965 in 
which ammonium sulfate appli ed preplant and as a topdressing was com-
pared with anhydrous ammonia applied preplant. The experiment was 
located on Midland silty clay loam in 1962 and on Crowley silt loam the 
other 3 years. A basal application of 40 pounds of P205 and 40 pounds 
of K20 was made each year. A special technique was worked out for ap-
plying anhydrous ammonia in a Hooded field . Ammonia was applied 4 to 
5 inches deep in a prepared seedbed that had approximately 2 inches of 
Hood water on the soil surface. This method of application was used to 
minimize volatilization losses of ammonia; application of ammonia 
under dry conditions in Louisiana rice soils usually results in poor reten-
tion. Ammonium sulfate was applied preplant in a dry seedbed at a depth 
of 3 to 4 inches. The soil was Hooded immediately after the ammonium 
sulfate was applied. Another treatment consisted of ammonium sulfate 
applied as a topdre ing 3 weeks after seeding. 
Two systems of water management were used for each of the different 
nitrogen treatments. One system consisted of removing the Aoodwater 
immediately after water seeding and allowing the field to remain dry for 
about 3 weeks and then reHooding. In the other system of water man-
agement, the field was continuously submerged for the whole growing sea-
son except for a 2-day period when the irrigation water was removed in 
order to topdress part of the plots with ammonium sulfate. Four repli-
cates of each treatment combination were used. 
RESULTS: Yields as affected by the various treatments are shown in 
Figures 7 and 8. In I 962 and 1963 a marked respon e to nitrogen oc-
curred. In 1964 and 1965 the experiment was conducted in an area that 
had been in pasture for several years, and no response to nitrogen was ob-
tained. Figure 7 represents the 1962-63 average yield and Figure 8 the 
1964-65 average yield . 
In 1962-63, when a respon e to nitrogen was obtained, anhydrous am-
monia and ammonium sulfate were equally effective in increasing yields. 
The undrained plots yielded higher than the drained plots for all sources 
and rates of nitrogen , including the check plots where no nitrogen was 
used. The increase in yield which resulted from maintaining the soil un-
der reduced conditions throughout the season was probably due to better 
utilization of both applied fertilizer nitrogen and native soil nitrogen. 
Draining and reAooding probably decrea ed the amount of nitrogen 



















FIGURE 7.-Ricc yield as affected by source and rate of nitrogen, method of application, 






















FIGURE 8.-Rice yield as affected b 90urce and rate of nitrogen, method of applica-




the soil was drained for a week or more, and subsequent denitrification 
when the soil was again submerged. Measurement of nitrogen uptake for 
the 1962 experiment showed that the nitrogen content of the crop just 
prior to maturity was higher by approximately 15 percent where the soil 
remained Hooded throughout the season. At moderate rates of applica-
tion of ammonium sulfate (40 and 80 pounds per acre) and under con-
tinuous submergence, drilling the nitrogen before planting was slightly 
superior to topdressing. 
In the 1964-65 experiments, where no response to nitrogen occurred, 
a decrease in yield was obtained in the plots kept under continuous sub-
mergence. This result was contrary to the typical yield increase obtained 
by keeping the soil under continuous submergence, but may be ex-
plained as being due to excess nitrogen in the undrained plots. As men-
tioned above, the soi l used in 1964-65 had been in pasture for several 
years. There is an indication that losing part of the nitrogen as a result 
of draining for a 3-week period and then reflooding was beneficial to 
the crop. Th is loss of nitrogen would not be beneficial in a typical 
nitrogen-deficient soil , such as was used for the 1962-63 experiments. 
In this study anhydrous ammonia was an efl:ective source of nitrogen 
when applied several inches deep ,in the soi l, although some difficulty 
was experienced in applying this material in a flooded soil. If an easy and 
effective method of applying ammonia in a rice soil could be developed, 
more of this relatively inexpensive nitrogen fertilizer would probably be 
used for rice in Louisiana. 
Changes in Nitrate and Ammonium in the Soil 
During the Growing Season 
The amounts of nitrate and ammonium in the soil throughout the 
early part of the season were determined in plots that had received nitro-
gen at the rate of 75 pounds per acre. The fertilizer was drilled in the 
soil 3 inches deep in bands 7 inches apart. A sampling device that col-
lected a volume of soil 7 inches wide, 3 inches long, and 7 inches deep 
was used to take samples directly over the drill row. This soil was ana-
lyzed for soluble nitrate and soluble plus exd1angeable ammonium. 
Samples were taken twice weekly for a 5-week period beginning imme-
diately after addition of the fertilizer. 
RESULTS: The results of this experiment are shown in Figures 9, 
10, and 1 l . Flushing (Hooding the soil for a few hours and allowing it 
to drain) had a marked effect on nitrate content. Nitrnte decreased 
rapidly after Hushing, either as a result of denitrification or leaching 
below the sampling depth , or borh. After several days of drying the 
nitrate content increased, especially after the first flushing. The increase 
apparently came from mineralization of organic nitrogen as well as 
through oxidation of added ammonium nitrogen . Nitrogen decreased 
rapidly to low values when the plots were permanently flooded 4 weeks 
after application of the fertilizer. 























FIGURE 9.-N itrate and ammonium contents of urface soil in untreated check plot. 
throughout the 5-week period in the plots where ammonium fertilizer 
wa added, probably a a re ult of nitrification and utilization by the plant. 
Ammonium wa al being produ ed at the same time as a result of or-
gan ic mauer decomp ition . B mid ea n, both nitrate and ammonium 
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FIGUKE 10.-Nitrate and ammonium contents of surface soil in plot receiving 75 
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FIGURE 11.-Nilrate and ammonium contents of urface soiJ in plot receiving 75 
pounds n itrogen as ammonium nitrate. 
Conclusions 
The results obtained in this study show that best utilization of applied 
nitrogen for lowland rice in Louisiana is obtained when ammonium 
sources of nitrogen are applied preplant several inches deep before 
flooding the soil. Nitrate nitrogen applied to a soil that is subsequently 
flooded is very poorly utilized, even though the nitrate is applied at the 
surface of the soil. Apparently, much of the nitrate is lost through deni-
trification before it can be utilized by the plants. 
Field experiments in which preplant and topdress applications of urea 
and ammonium sulfate were made showed that applying these sources of 
tit nitrogen 3 to 4 inches deep in the soil resulted in appreciably higher 
yields than where the materials were topdressed 3 to 4 weeks after seed-
ing. 
Anhydrous ammonia was an effective source of nitrogen for rice when 
applied 4 to 5 inches deep in a flooded soil. Yields were as high as 
those obtained from ammonium sulfate. 
The nitrate content of the soil was very sensitive to fluctuations in 
soil moisture. Flushing the soil with irrigation water caused a rapid de-
cline in nitrate nitrogen. Ammonium nitrogen decreased to a low con-
centration in the soil after 5 weeks. 
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